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large fraction of increases in equilibrium temperature before A.D. 2000,
about half of increases between A.D. 2000 and 2030, and a small fraction
of increases after A.D. 2030. In the tropics the same principles would apply.

On the basis of the assumption that tracers can serve as an approximate
guide, we conclude that the mixing time scale for the main thermocline is
less than the thermal time scale associated with increasing CO2. The waters
of the upper thermocline will be closely coupled to the atmosphere on time
scales of 1-2 decades. Any estimate of the time response of the climate
system to increasing CO2 will have to take into consideration the thermal
inertia of the upper thermocline.

The ocean thermal response may also cause important regional differences
in response other than the latitudinal effects already discussed. For example,
the geometry of the ocean-land distribution will be important. The climatic
response in areas downwind from major oceans will certainly be different
from that in the interior of major continents. It is also reasonable to infer
that the much smaller ratio of land to sea area in the southern hemisphere
will be significant. Depending on how efficiently the atmosphere exchanges
heat across the equator, a slower response to increasing C02 might be
expected in the southern hemisphere. Future modeling studies should stress
the regional nature of oceanic thermal inertia, and atmospheric energy transfer
mechanisms, taking into account that the local response time is proportional
to the ocean's thermal inertia and the rate at which energy is exchanged with
the atmosphere.

Reliable quantitative estimates of the role of the ocean in the climate
system will require a better understanding of the processes that give rise to
the entire general circulation in the ocean and substantial improvements in
our ability to model it. Progress to this end must be based on a broad range
of research: continued oceanographic observations of density distributions,
tracers, heat fluxes and currents, quantitative elucidation of the mixing
process, substantial theoretical effort, and the development of models adequate
to reproduce the relative magnitudes of a variety of competing effects. The
problems are difficult, and complete success is unlikely to come quickly.
Meanwhile, partially substantiated assumptions like those asserted here are
likely to remain an integral part of any assessment.

In planning the oceanographic field experiments in connection with the
World Climate Research Program, we recommend that particular attention
be paid to improving estimates of mixing time scales in the main thermocline.

Effects of Sea Ice

Sea ice has profound effects on climate in several ways. In winter, it allows
the ocean to remain at the freezing point while the air temperature falls to